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Quality of Life (QoL) as Predictive Mediator Variable for Survival in Patients with Intracerebral Neoplasma During Radiotherapy Background
The prognosis for malignant astrocytoma, especially for glioblastoma multiforme, as well as for brain metastases of different other primaries is fatal in most cases despite intensive therapy. Current possible therapy options are surgery and external beam radiotherapy. Chemotherapy and more special techniques such as radiosurgery or implantation of radioactive devices are not yet part of widely used standard treatment protocols. Therapy is usually designed to prolong patients' survival and often has no curative intent. Thus, not only the duration of survival alone but also the quality of life (QoL) of these patients is an important end-point when it comes to making decisions about a therapy regimen. Faller et al. [1] and other investigators have already shown that the psychological state, i.e. emotional well-being, depressive symptoms and coping methods of the patient, has an influence on survival [2] [3] [4] . There has been little published research, however, on the health-related QoL of high-grade astrocytomas. Most of the few existing studies do not use validated or cancer-specific QoL instruments but rely on performance indices, self-developed instruments, neuropsychological testing instruments (e.g. the Mini Mental State Inventory, MMSI), opinion of treating physicians or interviews instead [5] [6] [7] . Other recent work did use validated testing instruments but merely described the results without the effort to use them to improve current clinical practice [8] [9] [10] . Our primary hypothesis was that patients with a below-average QoL could be at risk for an earlier death. Second, we presumed that in this final stage of disease, medical variables are not as important as usually considered. In this study, we wish to elucidate whether QoL, assessed with a validated QoL instrument, is a determinant of survival.
Patients and Methods
All patients were treated at the Department of Radiotherapy and Radiooncology at Klinikum Grosshadern Ludwig Maximilian University, Munich. The patients were asked to fill in the following 2 questionnaires at the beginning of their radiotherapy: The self-developed Current Situation in Personal Life questionnaire (LS) assessed important sociodemographic variables and parameters in the personal life of the patients. They were asked to supply information about marital status, whether or not they were living with a spouse or with friends, the number of children, and the number of persons in the household. Furthermore, the instrument assessed the levels of secondary and professional education, the current type of employment and the current capacity to work in categories like doing one's job part-time, full-time or being temporarily or permanently off work due to medical reasons. As far as the disease was concerned, patients were asked about the incidence of cancer in their family history, about the first symptoms of their disease and whether they had someone to look after them. Additional items taken into account were the patients' relationships with friends, their hobbies, their religion and spirituality, their social life and peer groups. Patients were asked to supply information about what they considered to be significant events in the previous two weeks and in the preceding year.
The Functional Assessment of Cancer Therapy -General (FACT-G), version 3 questionnaire was developed to assess cancer-specific aspects of health-related QoL with good overall results for reliability and validity [11] . The Fact-G count of 5 subscales evaluated physical (0-28 pts), social and family (0-28 pts), emotional (0-20 pts) and functional well-being (0-28 pts) and the patients' relationships with doctors (0-8 pts). These various QoL domains were assessed as a function of treatment with 29 items each being scored in 1-5 categories. This resulted in an overall score ranging from 0-112 pts. Although there is a module specific for brain cancer patients (FACT-BR) which could have been used for patients with primary brain tumours [12] , we omitted this additional module because there was no information about the use of this instrument for patients with brain metastases. Medical data were obtained from the hospital files. Patients were eligible for the study if they suffered from a malignant intracranial neoplasma which required external beam radiotherapy. They had to be at least 18 years of age and to understand and read German properly. They had to be physically and mentally able to fill out the questionnaire without any help of others. Mental capacity was assessed by a modified abbreviated version of the MMSI; physical state was assessed by the Karnofsky performance index. Patients had to have a Karnofsky performance score (KPS) of 50 or above to be eligible for the study. Patients suffering from a second disease of any kind with an infaust prognosis were excluded. Thus, none of the study patients died from any other cause than the tumour they were suffering from. The questionnaires were handed to the patients before their first fraction was delivered. Patients were explained the aims of the study, were informed about the way the questionnaire data should be evaluated and that participation in the study and their therapy were not at all linked. They were then asked to give written informed consent and to fill out the questionnaires in the following 7 days. The second visit was after the last irradiation dose had been delivered. Patients were handed out the second set of questionnaires and were again motivated to continue participating in the study. The third point of measurement was 6 weeks after completion of the radiation therapy. Since most patients had then left the clinic, the questionnaires were mailed to the patients with a free return envelope included. All 3 questionnaire batteries included a letter which repeated the main points of the study. It was stated clearly and repeatedly that participation was completely voluntary and would not at all influence therapy or follow up. During the period of recruitment (December 1997 -October 2000), 153 patients with cerebral irradiation were screened. 39 patients (25.5%) refused to participate, a further 47 patients were excluded because they did not meet the inclusion criteria, 10 patients did not return their questionnaires. This resulted in 57 eligible patients with complete data ( fig. 1 ). 33 Patients suffered from primary brain malignoma; 11 had grade III astrocytoma and 18 glioblastoma multiforme, 4 had primary brain tumours of different histology. 24 patients were irradiated for brain metastases of an extracerebral primary tumour. Table 1 lists the various tumour diagnoses and the sociodemographic data of the patients. Patients had a median age of 52 years, ranging between 21 and 83 years. Non-participants had a median age of 61 years (ranging between 21 and 83 years), 48.5% of them were females. Their median KPS score was 70. To ensure that our analysis was not influenced by selection bias, the distribution of patients into participants and non-participants was assessed by means of the chi-square test. None of the medical variables turned out to differ significantly between the two groups. The only exception was KPS; significantly more patients with a KPS of 80 and below refused to participate in our study. On the one hand, this was mostly a result of the inclusion criteria which explicitly excluded patients with a KPS below 50. On the other hand, this phenomenon was frequently seen in QoL investigations and thus should not diminish the validity of our results. The data were analysed with the Kaplan-Meier analysis and the Cox regression analysis using the statistical package SPSS ® for Windows version 10.0.
Results
Results of the FACT-G QoL measurement were calculated for the whole group of patients and are shown in table 2. The results are markedly lower than the ones previously described in the literature [12] . At the initial point of assessment, we found a markedly lower QoL in the physical sphere for patients with brain metastases which resulted in a lower overall QoL for patients with metastases (22.6 vs. 16.9). There were no differences in other subscales between these two groups, neither in any of the other subscales nor at the other points of assessment (table 2) . Patients with primary brain tumours had a median survival of 26.4 (95% CI = 13.96-38.84) months, which is comparable to the median survival of 28.3 (95% CI = 0-58.85) months for patients with brain metastases. There was no statistically significant difference between the survival curves (log rank test, p = 0.86). The other striking fact was that in contrast to clinical experience and the findings in the literature, the survival times seemed unexpectedly long. The reason for this is that our completely unselected patient sample contained 34.4% anaplastic astrocytomas and 12.5% brain tumours of a different histological origin. Figure 2 shows the survival curves for both groups. We were further encouraged by this result to look for another factor that would show some influence on our patients' survival. We suspected that health-related quality of life might be We wanted to differentiate between good and bad QoL with acceptable sample sizes in both groups. Therefore the cut-off point was drawn along the 40th percentile in the FACT-G sum score values (cut-off point 73), which resulted in 33 (61.1%) patients with good and 21 (38.9%) patients with bad QoL. The background of this choice of cut-off point was a capacity analysis in our department considering the number of physicians with a supplementary training in psychooncology. The result of this analysis was that about 40% of patients could be subject to an additional psychological intervention. Since our situation in Munich is likely to be similar to other radiooncology departments, we chose this cut-off point to define patients with 'bad QoL'. The median survival of patients with good QoL was 31.3 months vs. only 14.2 months in patients with bad QoL estimated by Kaplan-Meier; log-rank testing revealed a significant result (p = 0.0039) ( fig. 3 ). The next step was to find out whether there were certain factors that could predict survival in our patient sample. Therefore Cox-PH regression was performed with the following potential risk factors: primary tumour (brain/other), surgery (yes/no), medical insurance mode (state/private), comorbidity (number of concomitant diseases), the level of secondary education (none or low/medium/high), level of professional education (academic/non-academic), patient type (inpatient/outpatient), relapse therapy (yes/no), age, KPS, total dose in main radiation field, living with one's spouse (yes/no), sex (male/female), FACT-G sum score. Only two variables 'living with one's spouse' (yes/no) and FACT-G sum score (p = 0.033 and p = 0.003) had significant influence on survival (table 3) . Living with a spouse and a higher FACT-G sum score was associated with a longer expected survival. It was remarkable that somatic variables did not influence survival.
Discussion
Of the patients who were approached, 25.5% refused to participate. However, we had a heterogeneous sample of patients as well as a relatively positive selection of patients as a result of the strict criteria for inclusion. It is not possible to determine how psychologically representative the participants were of all the patients with brain tumours seen in our department.
The results of the treatment of patients in one radiotherapy department could possibly be applicable to other hospitals as well. It is reasonable to assume that those who refused to participate were no less psychologically reactive than other patients and that our patient sample was representative of a university radiotherapy department. We found markedly lower QoL values than previously described in the literature. This might be due to two factors: First, since we only included patients with high-grade gliomas and brain metastases, we chose to work with patients who had a very limited life expectancy. This restricted view of patients who had already arrived at the final stage of their disease seems unique. Thus it is even more important for such patients that measures are taken to improve their QoL as far as possible. Secondly, the fact that we did not work with patients who had primary brain tumours only but also included patients with brain metastases might have contributed to the worse overall QoL. Hence, we investigated whether the FACT-G values for patients with primary brain tumours differed from those for patients with brain metastases. The difference was significant only at the initial measurement and only in the subscale for physical well-being, and accordingly for the sum score, because this subscale contributes significantly to the whole FACT-G value. At the two latter measurements, no significant differences neither in any of the subscales nor in the sum score could be found (table 2) . From this point of view it seemed possible that patients with primary brain tumours might have a different expected survival than those with brain metastases. However, Log-Rank testing showed no significant difference in survival times.
In contrast, our primary hypothesis that health-related QoL (HRQoL) might influence survival was supported by log-rank testing. This is probably due to our patient selection: Although our patient group was very heterogenous as to type of disease, what these patients all had in common was that they were all to die of their disease and so their treatment was only palliative. There were already indications that psychological and sociodemographic variables can influence survival in cancer patients and so we considered a non-selected collective of patients suitable for such an investigation [1, [13] [14] [15] [16] .
One might argue that HRQoL is just a surrogate parameter for the medical state of the individual patient. Several recent studies which focused on various malignant and non-malignant chronic diseases have shown that subjectively perceived quality of life does not directly correlate with the stage and the course of disease [17] [18] [19] [20] [21] .
Apart from merely illustrating that QoL as a variable independent of the medical condition of the patient, is linked to prolonged survival, we also considered it probable that HRQoL might be among the variables that could predict survival in our patient group. With the appropriate Cox regression model shown in table 3 we were finally able to extract two main informations: Firstly, the model proves the influence of QoL measured with the FACT-G core instrument. This clearly supports our above-mentioned hypothesis. Since the measurement of HRQoL with the FACT-G instrument is wellestablished and widely used, there are no serious doubts about this result. However, our results contrast with the findings of Meyers et al. [22] , who state that the results of neuropsychological testing and not QoL scores (assessed with FACT-BR) predict survival. At first sight, these two results are contradictory. However, one must take into account the differences in patient selection: Meyers et al. [22] focused on patients with recurrent disease, excluding patients with metastases. They explicitly included patients with severe cerebral deficits which were excluded by the study protocol in our work. This resulted in a quota of 15% of their patients not completing the applied quality of life instrument. Considering these findings and es- pecially the absence of severe neuropsychological and cerebral deficits in our patient sample, these differences might well be attributed to patient selection. When performing a correlation analysis between the FACT-G scales and KPS, significant correlations can indeed be measured. Such is the case only at the initial point of measurement at the scales for physical well-being (correlation coefficient (CC) 0.344, p = 0.01), emotional well-being (CC 0.302, p = 0.024), functional well-being (CC 0.419, p = 0.001) and for the sum score (CC 0.381, p = 0.004). Although significant, these correlations are very moderate; none of them even reaches beyond the level of 0.5. Thus, this fact does not leave much space for interpretation as correlations are too weak to build a lucid argumentation on it. In spite of these moderate correlations, we omitted KPS in our model to increase its interpretability. An additional point that has to be clarified is the use of the factor 'living with one's spouse' instead of the marital status: In the past, being married implicitly meant that one was living together with the partner, and being single meant one was living alone. Today, this has changed in western societies: In persons below 40 years, more and more people live together with their spouse without being married. Thus we decided that this direct approach might be more appropriate to gather information about the situation in reality than the abstract marital status. Health-related QoL is becoming more and more important, especially for patients facing death from their disease. It can serve not only to distinguish patients with a longer expected survival rate from those who might be facing a sooner death but also to estimate the patient's survival time. Subjective measurements of how patients facing a fatal outcome from brain neoplasm feel, how they deal with life and the disease and their psychosocial state as a whole, obviously carry a greater potential for prolonged life than standard somatic factors [23] . It is essential that our findings are applied to a larger sample of patients to go beyond the natural limitations of a pilot study and that other investigators also elucidate the question whether successful attempts to improve quality of life can promote prolonged survival. 
